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COMPRESSION PADDLE MEMBRANE AND TENSIONING APPARATUS 
FOR COMPRESSING TISSUE FOR MEDICAL IMAGING PURPOSES 

[001] This invention was made with U.S. Government support through 
Government Contract Number RO1-CA-91713-01 A1 awarded by the National 
Institute of Health, and, in accordance with the terms set forth in said contract, 
the U.S. Government may have certain rights in the invention. 

BACKGROUND OF THE INVENTION 

[002] The present invention is generally related to a probe interface 
assembly, and, more particularly, to a compliant probe interface assembly for 
imaging breast tissue with an ultrasound probe in conjunction with X-ray 
mammography, thereby providing geometrically registered X-ray and 
ultrasound images. 

[003] Figure 1 illustrates a schematic of conventional X-ray mammographic 
equipment combined with an ultrasound scanning system. This usually 
includes a compression plate 10 (e.g., a plate made up of polycarbonate such 
as Lexan or other suitable materials) to compress and flatten breast tissue 12 
against a detector plate 18. In order to perform an ultrasound scan 
subsequent to an X-ray mammogram, the system further includes an 
ultrasound probe 14, as may be positioned to traverse atop such a plate to 
generate ultrasonic images of the internal structure of the breast tissue. A gel 
16 may be provided as shown in FIG. 1. The gel typically comprises a 
suitable composition for reducing acoustic impedance mismatch and 
reflectance at the plate/probe interface. Ideally, the compression action 
should provide uniform contact of the breast tissue with the compression plate 
to achieve appropriate ultrasound propagation as well as superior X-ray 
imaging. 

[004] In practice, the compressing surface of the compression plate may 
deform when exposed to typical mammographic breast compression forces. 
The resulting maximum deflection of the plate, as may be measured from a 
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horizontal plane, should be typically constrained to lie within 1 cm, as per 
MQSA requirements. Since the ultrasound probe 14 rides on top of this 
deformed plate, as shown in FIG.1, the ultrasonic beam propagates through a 
non-uniform gap and a non-parallel surface. 

[005] A varying gap changes the ultrasound path between the probe and 
the compression plate and leads to inconsistent attenuation. A non-parallel 
surface may lead to variable beam refraction, as the ultrasound beam may be 
formed from multiple elements in a linear array ultrasound probe. Each of 
these conditions could have adverse effects on the ultrasound image quality. 
These conditions may also make it burdensome for a radiologist to correlate 
an X-ray image to an ultrasound image due to the lack of a consistently 
reproducible setup from one scan to the next scan. 

[006] A thicker plastic plate or a metallic plate would reduce the deflections 
but would have detrimental effects on ultrasound and x-ray image quality. A 
relatively thin compression member would reduce ultrasound attenuation. 
However, a thinner compression member by itself is not a viable solution 
since a thinner member would have excessive deformation resulting in a non- 
planar scan surface for the ultrasound probe. In one known compression 
member, use of a 1 mil (0.025 mm) thick Kapton plate typically results in 
deformations far exceeding 1cm when subjected to maximum compression 
loads of 20 dekanewtons (dkN). Also a non-planar surface, resulting from the 
usage of a thin membrane, is not easily amenable to automated ultrasound 
scan. Image reconstruction also becomes complicated and would require 
processing additional information such as probe orientation relative to scan 
surface. 

BRIEF SUMMARY OF THE INVENTION 

[007] Generally, the present invention fulfills the foregoing needs by 
providing, in one aspect thereof, apparatus for compressing tissue to be 
scanned for medical imaging. The apparatus comprises a compression 
membrane and a tensioning apparatus coupled to the membrane to apply a 
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tensile force to the membrane to place the membrane in a taut condition 
during an imaging process. 

[008] In another aspect thereof, the present invention further fulfills the 
foregoing needs by providing medical imaging equipment comprising 
apparatus for compressing tissue to be scanned during an imaging process. 
The apparatus in turn comprising a compression membrane and a tensioning 
apparatus coupled to the membrane to apply a tensile force to the membrane 
to place the membrane in a taut condition during an imaging process. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[009] The features and advantages of the present invention will become 
apparent from the following detailed description of the invention when read 
with the accompanying drawings in which: 

[010] FIG. 1 in part illustrates a sectional view of components of an 
exemplary automated breast imaging system including a compression plate 
that may deflect when subjected to compression forces during a scan of 
breast tissue. 

[011] FIG. 2 is a sectional view along a cutting plane represented by line 2- 
2 in FIG. 3 that vertically traverses an exemplary compression paddle 
membrane and a tensioning device, part of a tensioning apparatus for such a 
membrane. 

[012] FIG. 3 is a sectional view along a cutting plane that horizontally 
traverses the compression paddle membrane and the tensioning apparatus. 

[013] FIG. 4 is a sectional view of one of several tensioning devices that 
may comprise the tensioning apparatus; respective sectional views for such 
tensioning devices may be taken along respective cutting planes represented 
by lines 4-4 in FIG. 3. 
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[014] FIG. 5 is a sectional view at a location where the compression paddle 
butts against the patient chest wall and as viewed along a cutting plane 
represented by line 5-5 in FIG. 3. 

[015] FIGS. 6 and 7 respectively illustrate exemplary free body diagrams of 
tensile forces as may be applied to the compression paddle membrane by 
tensioning devices respectively corresponding to the sectional views depicted 
in FIGS. 2 and 3. 

DETAILED DESCRIPTION OF THE INVENTION 

[016] The inventors of the present invention have recognized an innovative 
means for compressing tissue to be scanned for medical imaging purposes, 
such as during an automated ultrasound breast scan that may be combined 
with an X-ray mammogram. Aspects of the present invention enable 
accurate, reproducible ultrasound images reducing distortion and attenuation, 
which may be introduced as a consequence of combining the ultrasound 
scanning with X-ray mammography. 

[017] In one exemplary embodiment, a thin polymeric membrane may be 
used to compress the breast tissue. The membrane thinness (e.g., <0.5 mm) 
advantageously minimizes ultrasound attenuation (~1dB). Since the 
membrane is virtually devoid of any stiffness, a tensioning apparatus 90 is 
utilized to apply tensile forces that pulls the membrane taut and prevents it 
from excessive deflection. In one exemplary embodiment, this tensioning 
apparatus enables the membrane to apply compression loads up to ~ 30 dkN 
with deformations comparable and even less than those achieved using a 
conventional rigid plastic paddle, e.g., 5 mm maximum deflection at the plate 
center for 20 dkN compression load. The tensile forces may be of the order of 
1000N and are borne by a supporting frame structure. The frame structure 
could be either metallic, polymeric or a composite material suitable for 
sustaining the tension loads. The functional requirements of this frame are 
that it should bear the afore-mentioned tensioning load and should not scatter 
X-ray beams, creating artifacts in the X-ray images. Aspects of the present 
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invention allow effectively balancing several conflicting objectives for obtaining 
an image quality equivalent to that of a handheld ultrasound while enabling 
the application of compression loads appropriate for x-ray mammograms. 
The tensioning could be selectively adjusted by an operator to, for example, 
relax the deflection criteria for the purpose of providing increased contact of 
the membrane with the lateral, medial and sub-aerolar regions of the breast. 

[018] As shown in the sectional view of FIG. 2, a membrane 100 (e.g., a 
thin polymeric membrane) may be placed in a taut condition, represented by 
dashed line 102, in response to tensile forces applied with a tensioning device 
104 to the membrane 100 in order to compress tissue to be imaged, e.g., 
breast tissue 105. As explained in further detail below, tensioning device 104 
may be part of a tensioning apparatus configured to apply tensile forces to the 
membrane along a pair of mutually orthogonal co-planar axes so that such a 
membrane is kept sufficiently taut along the plane defined by such axes. See 
for example a set of orthogonal axes X, Y in FIGS. 2 and 3. As used herein, a 
"taut condition" refers to a condition wherein the membrane may apply a 
compression load ranging from about 5 to about 30 dkN (and, more 
preferably, from about 10 to about 20 dkN) without experiencing a maximum 
deflection of 2 cm (and, more preferably, without experiencing a maximum 
deflection ranging from about 5 to about 10 mm). 

[019] A support frame 106 provides support to the membrane 100 and is 
designed to withstand the applied tension forces. In one exemplary 
embodiment, membrane 100 may comprise, by way of example, a 0.3 mm 
thick sheet of polycarbonate or other plastic wrapped around the sides of the 
support frame. 

[020] FIG. 3 illustrates an exemplary embodiment of the support frame 106 
comprising a rectangular configuration with frame sides 108, 110, 112 and 
114. It will be understood that the present invention is not limited to the 
exemplary configuration of FIG. 3 since other configurations may be adapted 
for a given application, e.g., triangular, quadrilateral, oval, etc. It will be 
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further understood by those skilled in the art that any of various materials may 
be utilized for the membrane 100 provided such materials are sufficiently 
radiolucent, sonolucent and acoustically matched with the components in the 
ultrasound beam path, and sufficiently transparent for breast positioning 
purposes. 

[021] In one exemplary embodiment, one end of the membrane 100 may be 
wrapped around the frame side 1 08, such as may be positioned parallel to the 
chest wall of the patient, thus preventing slippage due to tensioning. On the 
other three sides of the frame, such as frame sides 110, 112, and 114 and as 
seen in FIG. 3, the membrane is placed in a taut condition by one of several 
tensioning devices 104 that may collectively make up the tensioning 
apparatus. 

[022] FIG. 2 shows in greater detail an example of one of such tensioning 
devices of the membrane tensioning apparatus positioned to apply tensile 
forces to the membrane along axis Y. A tension plate 1 16 is movable to butt 
against the membrane 100 causing it to tighten when driven by a setscrew 
118, thus enabling to adjust the membrane tension initially, and to 
subsequently compensate for membrane creep that may develop. It will be 
now recognized by those skilled in the art that there may be alternative 
structural means that may work equally effective for applying tension to the 
membrane 100 in lieu of a tension plate movable by a setscrew. For 
example, it is contemplated that an inflatable bladder may be responsive to a 
pressurized fluid, e.g., air, so that when the bladder is fully inflated that 
bladder would butt against the membrane 100 causing it to tighten. 
Pressurized fluid would be an example of a hydraulic or pneumatic command 
for activating the tensioning device. Another example would be a grabbing or 
pushing device for applying the tensile force to the membrane in lieu of a 
membrane-pushing device. 

[023] A respective clamping plate 120 may be affixed to a corresponding 
frame side (e.g., each of sides 110, 112 and 114) through a bolt 122 or any 
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other suitable fastening means. Each clamping plate 120 and bolt 122 may 
be arranged to hold a respective end of the membrane. An adhesive may be 
optionally used between the membrane ends and the support frame to 
prevent slipping. As better appreciated in FIG. 2, the chest wall side 108 of 
the support frame may be rounded in the bottom portion that impinges on the 
breast and possibly attached to a soft interface material 124, (e.g., gel 
material) beneath it to reduce patient discomfort. Each of the tensioning 
devices positioned at the various sides of the support frame (as represented 
by the sectional view shown in FIG. 4, and taken along the cutting planes 
represented by lines 4-4 in FIG 3) may be set to apply different tensile forces 
to, for example, allow the membrane to deflect differentially across the full 
frame to ensure better contact with the breast tissues in the rounded regions. 

[024] FIG. 5 is a sectional view along a cutting plane represented by line 5- 
5 in FIG. 3 and is provided to assist the reader to better visualize the relative 
positioning of various components of a compression paddle membrane and 
tensioning apparatus embodying aspects of the present invention. 

[025] FIG. 6 shows an exemplary free body diagram of tensile forces as 
may be applied to the compression paddle membrane 100 by a generic 
tensioning device 104 positioned on frame side 112, as shown in FIG. 2. A 
generic tensioning device refers to any of the various exemplary tensioning 
devices and/or techniques discussed above for applying a tensile force to the 
membrane. 

[026] FIG. 7 illustrates an exemplary free body diagram of tensile forces as 
may be applied to the compression paddle membrane by tensioning devices 
corresponding to the respective sectional views depicted in FIG. 3. For 
example, the nodes labeled Tn 4 and Tn 0 represent generic tensioning 
devices positioned on opposite sides 114 and 110 to apply tensile forces 
along the X axis. The node labeled T 112 represents the tensioning device 
positioned on side 1 12 to apply tensile forces along the Y axis. 
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[027] While the preferred embodiments of the present invention have been 
shown and described herein, it will be obvious that such embodiments are 
provided by way of example only. Numerous variations, changes and 
substitutions will occur to those of skill in the art without departing from the 
invention herein. Accordingly, it is intended that the invention be limited only 
by the spirit and scope of the appended claims. 



